The objective of this work was to optimize the medium composition for maximum pectin-methylesterase (PME) production from a newly isolated strain of Penicillium brasilianum by submerged fermentation. A Plackett-Burman design was first used for the screening of most important factors, followed by a 2 3 full experimental design, to maximize the enzyme production. The maximum pectinmethyl-esterase activity was 4.0 U/mL at 24 h of bioproduction using a pectin concentration of 32.0 g/L, yeast extract of 30.0 g/L, potassium phosphate of 8.0 g/L, iron (II) sulfate of 0.02 g/L, at 30°C, stirring rate of 180 rpm and initial pH of 5.5. The kinetic evaluation showed that after 27 h of fermentation, a consumption of 15% of total organic carbon and 10% of nitrogen was observed. The crude enzymatic extract kept about 80% of its initial activity after 1848 h under low temperatures. An increase of PME activity was observed after incubation at high temperatures. The residual activity of the extracts after 1728 h of incubation was about 95% for all tested pH values (5, 7, 9 and 11). The application of 0.5% (v/v) of PME crude extract for clarification of peach juice showed a reduction on the viscosity (7.20%) and turbidity (14.11%).
INTRODUCTION
Pectin is a major plant cell wall polysaccharide contributing to tissue integrity and rigidity. The main structural element of pectin, governing most of its functional properties, is a linear homopolymer of α-(1-4) linked D-galacturonic acids, which can be methylesterified (Ridley et al., 2001) . Changes in the pectin structure take place during fruit ripening, processing and storage, and can be both chemical (for example, alkaline demethoxylation, -eliminative depolymerization) and enzymatic (Bordenave, 1996; Rexova-Benkova and Markovic, 1976) .
Many of the structural polysaccharides in the plant-cell wall undergo enzymatic hydrolysis, transglycosylation reactions, solubilization and depolymerization, which are thought to contribute to wall loosening (Brummell, 2006; Fischer and Bernnett, 1991; Wakabayashi et al., 2001) . The disassembly of the cell wall structure occurs through the action of hydrolases including pectinases like polygalacturonase (PG), pectate lyase and pectin methylesterase (PME) (Brummell and Haspster, 2001) .
Pectin methylesterase (PME, EC 3.1.1.11) is an enzyme of either plant or microbial origin that catalyses the demethoxylation of pectin, thus altering the degree and pattern of methyl-esterification and releasing methanol (Voragem et al 2001) . PMEs are thought to play an important role in determining the extent to which demethylated polygalacturonans are accessible to degradation by PGs (5), by releasing galacturonic acid (exo-PG) or oligogalacturonate (endo-PG). Their action also influences the availability of homogalacturonan carboxylic groups for Ca 2+ binding. Increasing the number of Ca 2+ bridges between homogalacturonan chains leads to a decrease in their accessibility to cell wall hydrolases (Micheli, 2001) .
In spite of its industrial importance, just a few works are presented in the current literature about the microbial PMEs. Acidic microbial PMEs (Aspergillus japonicus, Aspergillus niger, Aspergillus foetidus) catalyze a random cleavage of esterified carboxyl groups (Jayani et al., 2005; Ishii et al., 1979 ) (multiple chain mechanism). Alkaline PMEs from higher plants (tomato, orange, alfalfa) and from fungal origin (Trichoderma reesei) produce blocks of free carboxyls groups, that is, they catalyze demethoxylation of pectin linearly along the chain (single chain mechanism). Pectinases synthesized by filamentous fungi have some advantages, since the microorganisms have the ability of adaptation to a wide type of substrates, being excellent decomposers of organic material. Moreover, the fungi pectinases present important characteristics for application in bioprocesses, as stability to pH and temperature (Martins et al., 2004) .
In this context, the objective of this study was to evaluate the PME production by a newly isolated strain of Penicillium brasilianum using submerged fermentation of a conventional media. After the media optimization, a kinetic evaluation was carried out and the enzymatic extract was partially characterized and tested for juice clarification.
MATERIALS AND METHODS

Microorganism
The microorganism used in the present study was previously isolated from tea. Newly isolated microorganism was identified by molecular biology technique, following the methodology described here. Firstly, after incubation in potato dextrose (PD) medium at 28°C for three to four days, we used a protocol for extraction of yeast genomic DNA using liquid nitrogen for cell disruption (Fernandes-Salomão et al., 1996) following DNA quantification using a spectrophotometer model NanoDrop, ND-1000 (NanoDrop Technologies). The newly isolated microorganism was identified as P. brasilianum.
The propagation of this culture was done on potato dextrose agar (PDA) slant medium containing malt extract (10 g/L), yeast extract (4 g/L), glucose (4 g/L) and agar (20 g/L) and incubated at 30°C until sporulation (1 week). Stock cultures of these strains were prepared with 20 weight% glycerol water and stored at −80°C (MDF -U3086S -Sanyo). The harvesting of the spores from the slants was done using 5 ml of Tween 80-water (0.02%). For spores counting, 1 ml of the suspension, aseptically withdraw, was diluted 10 to 10 3 times in sterile aqueous solution of Tween 80 (0.1 % v/v).
The resulting suspension was transferred to Neubauer chamber for spores counting. To determine the best spore concentration (spores/mL) for the production of PME, a previous study was carried out (data not shown) using different spores concentration: . In 100 ml of bioproduction medium (10 g/L pectin, 10 g/L yeast extract, pH 5.5) 1 ml of spores was added, in the desired concentration. The cultivation conditions were 30°C, 180 rpm for 24, 48, 72 and 96 h. Higher PME activity (3.0 U/mL in 24 h) was obtained using a spore concentration of 5.10 6 spores/mL.
Pectin-methyl-esterase bioproduction
A Plackett-Burman experimental design was employed to evaluate the effects of the culture medium and the operational conditions on the bioproduction of pectin-methyl-esterase (PME). The independent variables were: concentrations of pectin (2 to 22 g/L), L-asparagine (0 to 4 g/L), yeast extract (0 to 20 g/L) and magnesium sulfate (0 to 1 g/L). The variables temperature (30°C), agitation (180 rpm), pH (5.5) and cell concentration (5.10 6 spores/mL) were kept fixed in all experiments. A full 2 3 experimental design was carried out, taking into account the results of the first planning, evaluating the effects of concentrations of pectin (22 to 32 g/L), yeast extract (20 to 30 g/L), potassium phosphate (4 to 8 g/L), keeping fixed the temperature (30°C), agitation (180 rpm), pH (5.5), fermentation time (24 h) and iron sulfate (0.02 g/L).
Kinetic evaluation
The knowledge of the kinetics of a fermentative process is of extreme importance when transposing a laboratory experiment to an industrial scale, as well as when a quantitative comparison between different culture conditions is required.
The kinetics of substrate consumption (total nitrogen, potassium, magnesium and total organic carbon -TOC), cell mass, pH evolution and PME production was evaluated in the experimental condition previously maximized in the experimental design step (32 g/L pectin, 30 g/L yeast extract, 8 g/L potassium phosphate and 0.02 g/L iron sulfate, at 180 rpm, 30°C, pH 5.5 and initial cell concentration of 5.10 6 spores/mL) by periodic sampling of the fermentation medium.
Effect of salts and pectin concentration on the measurement of the pectin-methyl-esterase (PME) activity From the maximized experimental condition defined previously, the effect of NaCl and CaCl 2 concentrations on the measurement of PME activity was evaluated. The salts concentration varied from 0.02 to 1 M, keeping fixed the citric pectin concentration at 1% (wt/v). Keeping the CaCl 2 concentration fixed at 0.5 M, the effect of pectin concentration on the enzyme activity was studied in the range from 0.5 to 2% (wt/v).
Partial characterization of the crude enzymatic extract
The partial characterization of enzymatic extracts is of fundamental importance for establishing the conditions of application. Such characteristics are optima temperature and pH and stability of the extract to the temperature and pH.
To determine the optimum values of temperature and pH in terms of enzyme activity for the PME from P. brasilianum, a central composite rotatable design (CCRD) 2 2 was accomplished using the enzymatic extract. The studied range for pH was from 5 to 11 and the temperature varied from 30 to 80°C. The temperature of stability of the enzymatic extract was determined by enzyme incubation at a fixed pH (5.5) and different temperatures: 30 to 80°C. The stability pH was determined by incubation of the extract obtained by P. brasilianum at 40°C at the pH values ranging from 5.0 to 11.0. The samples were withdrawn from the reaction medium at regular time intervals. The stability of the crude enzymatic extract to low temperature was evaluated by the storage of the extract at 4, -20 and -80°C and determining the enzyme activity periodically.
Application of the crude enzymatic extract for the clarification of peach juice
A commercial peach juice (Sarandi, Brazil) was treated by the crude enzymatic extract obtained at the maximized conditions of bioproduction, defined previously. Enzyme concentrations of 0.01, 0.05, 0.1 and 0.5% (v/v) at 40°C, 100 rpm and 60 min were tested by evaluation of the viscosity, turbidity and percent of clarification of the juice.
Analytical determinations
Pectin-methyl-esterase activity
For all determination of PME activity, the bioproduction medium was filtered to separate the biomass. The filtrate was denominated by crude enzymatic extract: the activity of the pectin-methylesterase (PME) was determined following the methodology described by Hultin et al. (1966) , with some modifications. 1 ml of enzymatic extract was added to 30 ml of citric pectin and 1ml of NaCl 0.2 M. The pH of the solution was adjusted to 7.0 for 10 min using NaOH 0.01 N. One unit of PME was defined as the amount of enzyme able to catalyze the demethylation of pectin corresponding to the consumption of 1 µmol of NaOH/min/mL, under the assay conditions.
pH
The pH was monitored using a potentiometer (DMPH-2, Digimed), after calibration with standard solutions pH 4.0 and 7.0.
Total organic carbon (TOC)
The total organic carbon (TOC) content was determined by the method of oxidation by catalytic combustion at 680°C and detection by infrared, in equipment Shimadzu model TOC-VCSH (AOAC, 1995).
Mineral compounds
Macro magnesium (Mg) and manganese (Mn) and micronutrients iron (Fe) and potassium (K) were determined by flame atomic absorption spectrometry -FAAS (Varian Spectra AA-55), following the methodology described by Association of Analytical Communities (AOAC, 1995) . Hollow cathode lamps of Mg and Fe were used as radiation source. The elements were measured in optimized operation conditions by FAAS in flame of air/acetylene nitrous oxide/acetylene. The readings of Mg, Mn, Fe and K were performed by FAAS, in absorption mode. To eliminate possible interferences in the determination of Mg content, lanthanum chloride was added to the samples and to the standard solutions at a proportion of 1% (wt/v). For the determination of the minerals contents on the samples, calibration curves of standard solutions were used. The nitrogen content was determined by the Kjedahl method (VELP DK-20 e UDK-126D), following the methodology of AOAC (1995) .
Viscosity
The reduction of the viscosity of the peach juice after the enzymatic treatment using the crude extract was evaluated in viscometer "Falling Ball" (Ustok et al., 2007) .
Clarification
The clarification of the peach juice after enzymatic treatment with the crude extract was determined based on the color intensity (CI), by readings in spectrophotometer at 440 nm and 520 nm, with optical path of 1 mm (Silva et al., 2005) , expressed as % of clarification, calculated taking into account the color intensity of control juice (without enzymatic treatment) and the enzyme-treated juice.
Turbidity
The reduction of turbidity of the juice after enzymatic treatment using the crude extract was calculated based on the absorbance, measured at wave length of 540 nm, using optical path of 1 mm against water, in spectrophotometer (Silva et al., 2005) , expressed as % of reduction of turbidity, calculated based on the absorbance of the control juice.
Statistical analysis
The statistical analysis related to the estimated effects of each variable and process optimization was performed using the global error and the relative standard deviation between the experimental and predicted data. The other results were treated by analysis of variance followed by Tukey's test. All analysis was performed using the software Statistica version 6.0 (Statsoft Inc, USA).
RESULTS AND DISCUSSION
Pectin-methyl-esterase bioproduction Table 1 presents the matrix of the Plackett-Burman experimental design with the real and coded values of independent variables and the response in terms of pectin-methyl-esterase (PME) activity. From this table, one can verify that the maximum PME activity (2.50 U/mL) was obtained in the experiment 6, corresponding to the highest levels of pectin (22 g/L), yeast extract (20 g/L), L-asparagine (4 g/L), potassium phosphate (4 g/L) and iron II sulfate (0.02 g/L) concentrations.
The data presented in Table 1 were statistically treated and Figure 1 presents the Pareto chart with the estimated values of independent variables. The variables potassium phosphate, yeast extract and pectin concentrations presented a positive significant effect (p < 0.05), demonstrating that the displacement of these variables to upper levels could lead to an increase of enzyme activity. On the other side, the variables magnesium sulfate, L- Table 1 . Matrix of the Plackett-Burman experimental design with the coded and real values of independent variables and the response as pectin-methyl-esterase (PME) activity and pH.
Assay
Independent variable Response X 1 X 2 X 3 X 4 X 5 X 6 PME (U/mL) pH asparagine and iron (II) sulfate concentrations did not influence significantly (p < 0.05) the enzyme production, within the studied ranges. Based on this information, magnesium sulfate and L-asparagine were not added to 
. Fixed: iron (II) sulfate 0.02 g/L, 180rpm, 30°C, 24 h and pH initial =5.5.
the production medium in the second experimental design. The iron (II) sulfate was fixed at 0.02 g/L, based on the highest PME activity achieved in experiment 6 of Table 1 . A 2 3 full experimental design was carried out in order to maximize the enzyme production. Results obtained in this step are presented in Table 2 .
From Table 2 , one can verify that the maximum PME activity (4.0 U/mL) was obtained in experiment 8 (32 g/L pectin, 30 g/L yeast extract, 8 g/L potassium phosphate, 0.02 g/L iron (II) sulfate) at 180 rpm, 30°C, 24 h of bioproduction, initial pH of 5.5 and initial cell concentration of 5.10 6 spores/ml. The variables potassium phosphate and yeast extract presented a positive significant effect (p < 0.05) on the enzyme production and the pectin concentration influenced the pH reduction.
Equation 1 presents the first order coded model as a function of pectin, yeast extract and potassium phosphate concentrations. The model was validated by analysis of variance, with a correlation coefficient of 0.95 and a calculated F 7.48 times higher than the tabled one. The non significant parameters were added to the lack of fit for the analysis of variance (ANOVA) test. PME = 2.93 + 0.25 X 3 + 0.67 X 5
(1)
Where, PME = pectin-methyl-esterase activity (U/mL); X 3 = yeast extract (g/L); X 5 = potassium phosphate (g/L).
Kinetic evaluation
The kinetic evaluation of the PME bioproduction, substrate consumption, biomass and pH was carried out taking into account the experimental conditions maximized (32 g/L pectin, 30 g/L yeast extract, 8 g/L potassium phosphate, 0.02 g/L iron (II) sulfate, 5.10 6 spores/mL, 180 rpm and initial pH 5.5) in the experimental design step performed in flasks (Figure 2) . From Figure 2a , one can observe that the maximum activity (4.80 U/mL) was reached after 27 h of bioproduction. The highest PME activity can be related to the beginning of the exponential phase for microorganism growth. The pH value was stable (approximately 5.5) during the first 36 h of bioproduction, with posterior decrease, reaching, after 48 h, values of about 4.5.
The analysis of the substrates assimilation permit us to observe a similar behavior compared to the nitrogen (Figure 2a ), iron and potassium (Figure 2b) , showing a slow and gradual decrease during the bioproduction, with a consumption of 13, 13 and 11%, respectively. From the mineral sources, the more expressive assimilation was observed for manganese and magnesium, corresponding to 26 and 82%, respectively.
The concentration of total organic carbon was practically constant until 24 and at 27 h period of maximum PME bioproduction (4.80 U/mL); it had the highest consumption of the carbon source (15%). After this period, the carbon concentration was constant (222 to 210 mg/L).
Studies about the production of PME by microorganisms are scarce in the current literature. The most cited works are referred to the enzymatic extract from papaya (Chatterjee et al., 2004; Lourenço and Catutani, 1984) , apple (Johnston et al., 2002) , peach , raspberry (Lannetta et al., 1999) , carambola (Chin et al., 1999) , pear (Brummell and Haspster, 2004) , tomato (Hobson, 1963; Resende et al., 2004) banana (Hiltin and Levine, 1966; Sales et al., 2004) and mango (Prasanna et al., 2003) . Here, it is important to mention that the PME activity obtained by the filamentous fungi P. brasillianum (4.80U/mL) was similar to that cited by Mantovani et al. (2005) for a commercial PME extract (Pectinex AR), which presented activity of 3.58 U/mL and higher than that obtained from industrial residues of pineapple pump (Ananas comosus L. Merr) (1.47 U/mL) (Kapoor et al., 2001) . Table 3 presents the PME activity (U/mL) in different concentrations of NaCl, CaCl 2 and mixture of NaCl/CaCl 2 for the measurement of the enzyme activity. From this table, one can observe that when CaCl 2 and 1.0% of citric 
PME (U/mL)
Main Main ± ds Figure 3 . Pectin-methyl-esterase (PME) activity (U/mL) using different concentrations of citric pectin. .20 ± 0.20 aA *PME activity (U/mL) ± standard deviation followed by equal lowercase/uppercase letters on the columns/lines indicates no significant difference at a confidence level of 5%.
pectin was used, the highest PME activities were obtained: 10.17, 10.13 and 11.23 U/mL, at salt concentration of 0.50, 0.75 and 1 M, respectively; these did not differ statistically (p < 0.05) from each other. This study was performed because the ions Na + and Ca +2 on the reaction medium can interact with the substrate (pectin)
(°C) Figure 4 . Response surface (a) and contour curve (b) for pectin-methyl-esterase (PME) activity (U/mL) as a function of temperature (°C) and pH.
catalyzing the removal of methoxyl groups. In this case, the PME activity is higher when the pectin is methylated. Figure 3 presents the PME activity using different concentrations of citric pectin. From this figure, it can be observed that the pectin concentrations of 0.5, 1.0 and 1.5% did not present significant difference (confidence level of 95%) among them, but differed from those that used 0.25 and 2% of pectin for the measurement of enzyme activity. Cardello and Lourenço (1992) evaluated the use of NaCl and CaCl 2 and 0.125% of pectin in the reaction medium and verified that the best results were obtained using NaCl and CaCl 2 concentrations of 0.15 and 0.04 M, respectively, reaching activities of about 6 U/ml for both salts. When the same authors evaluated the effect of salts association (NaCl and CaCl 2 ) and 0.5% of citric pectin, varying the molarity, they verified that the activity was about 9U/mL, for all tested molarities (0.04 to 0.5 M). Table 4 presents the matrix of the 2 2 full experimental design with the response as PME activity as a function of temperature and pH. The highest PME activity (40 U/mL) was obtained in experiment 6, at 55°C and pH 11. Similar results were observed in experiments 2 and 4, showing a range of optimum temperature (37 to 73°C) and pH (9 to 11).
Partial characterization of pectin-methyl-esterase (PME) crude extract
Optimum temperature and pH
Equation 2 presents the second order coded model for the PME activity as a function of temperature and pH, within the evaluated range. It is possible to observe that the variables influenced the enzyme activity. The model was validated by analysis of variance, with a correlation coefficient of 0.98 and a calculated F 4.9 times higher than the tabled one, making possible to build the response surface and contour curve, presented in Figure 4 . The non significant factors were added to the lack of fit by analysis of variance (ANOVA). PME (U/mL) = 11.744 + 13.754.pH + 6.314. 
(pH).(T) (2)
Where, PME = pectin-methyl-esterase activity (U/mL); T = temperature (°C).
From Figure 4 , it is possible to verify a wide range of temperature (30 to 80°C) and pH (9 to 11) that lead to higher PME activities. The literature points out the influence of pH and temperature on the measurement of the PME activity, mainly for pectinases extracted from fruits. Delgado et al., (1992) determined the optimal conditions for measure-ment of the activity of commercial PME (Pectinex 100 L Plus, Panzym Univers and Panzym Clears) and observed that higher activities were obtained in pH values from 4.0 to 4.5 and temperature of 45°C. Assis et al. (2002) related higher activities for PME from acerola (Malpighia glabra L.) at pH of 9.0. Researches using other fruits as PME source presented higher activities at lower values of pH, as 8.0 for pectin-methylesterases from orange juice (Amaral et al., 2005) , or 7.5 (Termote and Ilnik, 1977) . Ly-Nguyen et al. (2002) found the optimal pH as 7.0 using crude PME extracts from strawberries. Targano et al. (1994) , evaluating the activity of pectin-methyl-esterase (PME) and polygalacturonase (PG) of peaches, verified that the PG showed maximum activity at pH values around 5.0, and the PME showed higher activities at pH 7.0. The optimal temperature for both enzymes was 25°C. Arbaisah et al. (1997) studied the purification of PME extracted from pulp of graviola (Anona muricata) and determined that the optimal range of pH was 7.0 to 8.0. Amaral et al. (2005) evaluated the effect of temperature on the activity of purified PME from orange and determined the optimal temperature as 50°C.
Thermal stability
The crude PME extract was stored at -80, -20 and 4°C and the enzyme activity was measured periodically. The extract kept 80% of its initial activity after storage at all three temperatures for, at least, 1848 h.
The stability of PME extract at high temperatures showed a differenced behavior. An increase of 15, 25, 10, 10 and 50% was observed for PME activity at 30, 40, 50, 60 and 70°C, after 1848 h, respectively. The PME activity at 100°C presented a decrease of 25% compared to its original value.
Results obtained here are similar to those of Kapoor et al., (2001) which evaluated the thermal stability of concentrated extract of PME from pineapple and verified an increase on the activity of 45.9% at 25°C and 100% after incubation at 40°C, both during 60 min. Leite et al. (2006) evaluated the thermal stability of concentrated PME extract from guava cv. Paluma and verified that samples submitted to 75°C presented an enhancement on enzyme activity of 64.77% compared to the initial activity.
Stability to pH
The stability of the crude PME was evaluated by incubation of the extract at different pH values (5, 7, 9 and 11) and monitoring the activity with time. The residual activity of the extracts after 1728 h of incubation was about 95%, for all tested pH values. Cardello and Lourenço (1992) evaluated the stability of the partially purified PME extract from eggplant by incubation during 60 min and verified that the extract was stable in pH values in the range of 5 from 8.
Preliminary application of crude pectin-methylesterase (PME) extract to the clarification of peach juice Table 5 presents the reduction of viscosity, turbidity, pH and soluble solids of the peach juice treated with pectinmethyl-esterase. From this table one can observe that the maximum reduction was 7.20 and 14.11% on the viscosity and turbidity, respectively, using an enzyme concentration of 0.5% (v/v) at 40°C, 100 rpm during 60 min. The pH of the juice was 3.69.
Results obtained here can be explained since pectinases hydrolyze pectin, leading to the flocculation of the complex pectin-protein (Lee et al., 2006) resulting in juice with reduced content of macromolecules and low turbidity (Sandri et al., 2011) . The enzymatic treatment for degradation of pectin could cause reduction on the ability to retain water, reducing the viscosity of the juice by the liberation of water to the system (Sandri et al., 2011) . The pectin, in aqueous solution, can make the environment more viscous, even at low concentrations, depending on the degree of methoxylation (Lofgren and Hermansson, 2007) . The low efficacy of the PME extract on the reduction of turbidity and viscosity can be associated to the fact that the extract also presents pectin-lyase activity (2.96 U/mL) and possibly other non-measured activities. Clemente and Pastore, (1998) and Vámos-Vigyázó (1981) used a commercial enzyme (Pectinex), with PME and cellulase activities, and verified that the use of this enzyme improved performance of clarification process for peach juice, compared to the employment of isolated enzymes.
The enzymatic treatment and the time of processing (60 minutes) did not influence the values of pH and soluble solids. Similar values compared to the in natura juice were observed. This behavior was also verified by Ushikubo et al. (2007) , Cao et al. (1992) and Barros et al. (2003) , in the clarification process of different fruit juices. Santin et al. (2008) evaluated the viscosity of peach juice using a commercial pectinase, Pectinex AFPL-3 (Novozymes), at 45°C, 30 min of processing and enzyme concentration of 200 ppm. A reduction on viscosity of about 29% was observed.
Taking into account the results obtained for the clarification of peach juice evaluated here and also the partial characterization of crude PME extract, one can suggest other promising industrial applications for the extract, especially those that occur at high temperatures and pH near to the neutrality, such as production of processed fruit and/or lettuce food (purees, pulps, ketchup and pet food). Kashyap et al. (2001) showed that peels, seed residues and pulp ejected by the citrus fruit extractor can be used to make dried animal feed and the mixture is lime treated to increase the pH to 8.0 to take advantage of the citrus PME. Papaya puree is prepared by conversion of papaya-fresh into a semi-liquid product. As the puree is viscous even if the fruit contains endogenous PME and PG, it is necessary to depectinize it before concentration.
Conclusions
The experimental condition that conducted to the maximal production of PME (4.8 U/mL) in shaken flasks was: 32 g/L pectin, 30 g/L yeast extract, 8 g/L potassium phosphate and 0.02 g/L iron sulfate, 5.10 6 spores/mL, 30°C, 27 h of fermentation, initial pH 5.5 and 180 rpm. The addition of CaCl 2 (0.5 M) and citric pectin (0.5%) led to an increase of 2.3 times in the PME activity.
The partial characterization of the crude PME extract indicated that higher activities (36 to 40 U/mL) were obtained at pH range from 9 to 11 in a wide interval of temperature (30 to 80°C). The extract kept about 80% of its activity after storage at 4°C during 1848 h. An increase on the PME activity was observed at high temperatures. The extract was stable during 1728 h at different pH values (5, 7, 9 and 11). The application of 0.5% (v/v) of PME crude extract for clarification of peach juice showed a reduction on the viscosity of 7.20% and turbidity of 14.11%.
